The strong decays of the D s1 (2710) and D sJ (2860) 
I. Introduction
and the following ratios of branching fractions were also obtained : 
The observation of the D sJ (2860) in both DK and D * K channels rules out it to be the 0 + state, since a 3 P 0 cs state is forbidden to decay into D * K. Its possible spin-parity should be 1 − , 2 + , 3 − , etc, if the structure at 2.86 GeV observed by the BaBar Collaboration in the DK and D * K channels refer to a single resonance 1 .
Apart from the D s1 (2710) and D sJ (2860), in the D * K channel the BaBar Collaboration also found the evidence for the D sJ (3040) whose mass and decay properties have been discussed recently in Refs. [6, 7, 8] . Here, we shall focus on the implications of the BaBar's new data on the D s1 (2710) and D sJ (2860). Our main purpose is to check whether the experimental data for these two states can be reasonably accounted for in a simple cs picture or not. Therefore, the 1 The two largely overlapping resonances, namely a pair of radially excited tensor and scalar cs states, might also exist at about 2.86 GeV, as proposed by Van Beveren and Rupp [5] .
more complex pictures such as multiquark configuration [9, 10] and two-state structure [5, 8] Various possible interpretations for the DsJ (2632) turn out to be very unlikely [30] . It was even regarded to be an experimental artefact [30, 31] . Therefore, we don't consider the possibility of the DsJ (2632) being the 1 − cs [32] , although its mass is close to the quark model prediction of about 2.66 GeV for the Ds(2 3 S1) [17] .
two states are given in Sec. III. The summary and conclusion are given in Sec. IV.
II. Strong decays of the D s1 (2710) and D sJ (2860)
In the scenario of the D s1 (2710) being the mixture of the pure D s (2 3 S 1 ) and D s (1 3 D 1 ), the eigenvectors of D s1 (2710) and its orthogonal partner D s1 (M X ) can be written as
where the θ is the mixing angle and M X denotes the mass of the physical state D s1 (M X ). We apply Eqs. (5) and (6) to cs rather than sc states. When one applies these equations to sc states, the mixing angle would be opposite in sign to our θ.
In this work, we shall employ the 3 P 0 model to evaluate the tow-body open-flavor strong decays of the initial state. The 3 P 0 model, also known as the quark pair creation model, has been extensively applied to evaluate the strong decays of mesons from lightto heavy cb, since it gives a considerably good description of many of the observed decay amplitudes and partial widths of hadrons. Some detailed reviews on the 3 P 0 model can be found in Refs. [33, 34, 35, 36] .
Also, the simple harmonic oscillator (SHO) approximation for the meson space wave functions is used in the strong decays computations. This is typical of strong decay calculations and it has been demonstrated that using the more realistic wave functions, such as those obtained from
Coulomb, plus the linear potential model, does not change the results significantly [37, 38, 39] .
In the 3 P 0 model, the partial widths of the D s1 (2710) and D s1 (M X ) can be given by
where B and C denote the final state mesons, P is the final state momentum, and M LS is the partial amplitude. According to the explicit expression for M LS given by our previous work [40, 41, 42] , the input parameters include the lightproduction strength γ, the SHO wave function scalar parameters β, and the constituent quarks masses. 
where M r = 2m q mq/(m q +mq); m q and S q (mq and Sq) are the mass and spin of the constituent quark q (antiquarkq), respectively; The parameters were chosen to reproduce reasonably the masses of the low lying charm-strange states The numerical results for the partial widths of the D s1 (2710) based on (7) are listed in Table   2 . The variation of these partial widths and the ratio of D * K to DK widths with the mixing angle θ is shown in Fig. 1 . From the experimental result (3), the mixing angle θ is found to approximately satisfy (see Fig. 1 (a)) 1.12 ≤ θ ≤ 1.38 radians. On the other hand, if the D sJ (2860) is a 3 − state, it would be a natural candidate for the
based on its mass. In this case, the predicted partial widths are listed in Table 3 .
The total width and the decay branching ratio fraction between D * K and DK modes are
The predicted ratio of D * K to DK widths is in agreement with the experiment result (4), and the total width is also roughly consistent with the datum of 48 ± 7 ± 10 MeV within errors.
Therefore, the D s (1 3 D 3 ) interpretation for the D sJ (2860) also seems acceptable. The recent lattice QCD study also favors this assignment [45] . The available experimental information on the D sJ (2860) is not enough to distinguish the 
III. Radiative Transitions
It is well known that radiative transitions can probe the internal charge structure of hadrons, and therefore they will likely play an important role in determining the quantum numbers and hadronic structures of the D s1 (2710) and D sJ (2860). In this section, we shall evaluate the E1 transitions widths of the D s1 (2710) and D sJ (2860).
The partial width for the E1 transitions between the n 2S+1 L J and n ′ 2S ′ +1 L ′ J ′ cs states in the nonrelativistic quark model is given by [46, 47] 
where e Q = 2ms−mc 3(ms+mc) , α = 1 137 is the fine-structure constant, E γ is the final photon energy, E f is the energy of the final state n ′ 2S ′ +1 L ′ J ′ , M i is the initial state mass, and the angular matrix element C f i is
The wave functions used to evaluate the matrix element 
|D s1 (2535) = − sin φ|
where the mixing angle φ = −54.7 • as Refs. [43, 47] . The resulting E1 transitions widths of the the D s1 (2710) and D sJ (2860) together with the photon energies are given in Table 4 
IV. Summary and conclusion
The D s1 (2710) has the definite J P = 1 − and its mass is similar to the quark models expec- We don't consider the possibility of the D sJ (2860) being a 2 3 P 2 or 1 3 F 2 cs, since its mass is much lower than the quark models predictions for the 2P and 1F charm-strange mesons. The results from a constituent quark with effective Lagrangians [8] don't yet favor this possibility.
We also investigate the E1 radiative transitions of the D s1 (2710) and D sJ (2860). The experimental studies on the E1 transitions between D sJ (2860) and 1P charm-strange mesons will also be helpful in determining the quantum numbers of the D sJ (2860).
Comparing the predicted masses from the quark models and strong decay properties from (1 3 D 3 ).
